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APPENDIX  26. 

A  SET  OF  TABLES  AND  PLATES,  SHOWING  PRINCIPAL   DIMENSIONS  AND 
ELEMENTS  OF  FIRE  OF  THE  MOST  POWERFUL  RIFLED  GUNS,  EXISTING 
OR  PROPOSED,  AT  THE  COMMENCEMENT  OF  THE  YEAR  1880;  AND  ALSO 
OF  THE  VARIOUS  EUROPEAN  RIFLED  HOWITZERS  AND  MORTARS. 

PREPARED   BY   CAPT.     CHARLES    S.     SMITH,    UNDER    THE    DIRECTION    OF   LIEUT.    COL.    S. 
CRISPIN,    CONSTRUCTOR  OF   ORDNANCE. 

(Fourteen  plates.) 

Sir  :  As  requested  by  you,  I  have  prepared,  and  herewith  respectfully 
submit,  a  set  of  tables,  with  plates,  giving  the  principal  dimensions  and 
elements  of  fire  of  the  most  powerful  rifled  guns,  existing  or  proposed, 
at  the  commencement  of  the  year  1880 ;  and  also  of  the  various  Euro- 
pean rifled  howitzers  and  mortars.  Much  of  the  information  on  rifled 
howitzers  and  mortars  has  already  appeared  in  Ordnance  Notes,  No.  68; 
but  it  is  here  supplemented  by  the  results  of  more  recent  experiments 
and  the  addition  of  some  larger  calibers,  and  altogether  presented  in  a 
more  summary  shape. 

The  table  of  rifled  guns  has  been  prepared  from  the  most  reliable  in- 
form atiou  available,  and  while  it  may  not,  in  every  particular,  be  abso- 
lutely correct,  it  will  yet  show  closely  enough  what  are  the  actual 
figures,  to  serve  for  the  purpose  of  comparison. 

To  refer  more  particularly  to  this  table,  it  will  be  seen  that  both  the 
Italian  and  the  English  100-ton  Armstrong  guns  are  included — the  ob- 
iect  being  to  show  the  respective  powers  of  those  two  guns  Avith  regard 
to  the  particular  powders  employed.  The  Italian  "  progressive  powder  n 
has  given  excellent  results,  in  admitting  of  the  use  of  very  large  charges 
and  the  consequent  attainment  of  high  velocities,  without  subjecting 
the  gun  to  any  injurious  pressures ;  at  least,  such  was  its  record  up  to 
the  bursting  of  the  100-ton  gun  on  board  the  Duilio,  a  disaster  which 
certain  English  writers  have  sought  to  attribute  to  the  uncertain  and 
dangerous  action  of  the  "progressive  powder"  rather  than  to  a  weak 
point  in  the  gun  itself.  The  Italian  Government  originally  ordered  from 
Armstrong's  works  eight  of  these  100-ton  muzzle-loading  guns  for  the 
turrets  of  the  Duilio  and  Dandolo  ;  afterwards  eight  more  were  ordered 
for  the  Italia  and  the  Lepanto,  which  are  to  be  breech-loaders,  with  the 
French  system  of  fermeture. 

The  English  80-ton  gun  is  the  type  of  gun  selected  for  the  armament 
of  the  Inflexible.  The  four  100-ton  guns  purchased  from  Sir  William 
Armstrong  &  Co.  are  intended  for  the  works  at  Gibraltar  and  Malta, 
and  were  procured  at  a  period  when  the  exigencies  of  national  affairs 
did  not  admit  of  the  delay  necessary  for  the  fabrication  and  preliminary 
trial  of  the  monster  guns — 160  to  200  tons— proposed  by  the  Woolwich 
authorities.  Since  the  disasters  which  have  befallen  the  38-ton  gun  on 
board  the  Thunderer,  and  the  100-ton  gun  on  board  the  Duilio,  the 
drift  of  opinion  in  England  seems  to  be  settling  strongly  in  favor  of 
breech-loaders ;  since,  with  such  guns,  the  possibility  of  double  loading 
could  not  exist,  while  the  full  exposure  of  the  chamber  after  each  fire 
would  afford  an  opportunity  for  its  frequent  examination.  It  is  quite 
possible,  also,  that  some  change  of  detail,  if  not  of  metal,  will  be  made 
in  their  system  of  construction,  since,  by  the  creation  of  a  chamber,  the 
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thickness  of  the  inner  steel  tube,  upon  which  the  longitudinal  strain  is 
mainly  thrown,  is  considerably  reduced,  and,  as  would  appear  from  the 
bursting  of  the  Duilio's  gun,  thereby  rendered  too  weak  to  support  that 
strain. 

In  addition  to  the  French  guns  given  in  the  table,  that  government 
possesses  breech-loading  rifles  of  13". 59  and  lu^.63  caliber,  and  of  48  and 
27  tons  weight,  respectively.  There  are  also  being  constructed  at  Buelle 
several  70-ton  guns  entirely  of  steel,  of  the  model  of  1874,  the  construc- 
tion of  which  is,  briefly,  as  follows : 

The  gun  consists  of  a  steel  body  lined  with  a  short  steel  tube  and 
banded  with  steel  hoops,  the  breech-closure  being  the  French  screw. 
The  tube  is  of  Bessemer  steel,  hammered,  and  afterwards  tempered  in 
oil  ;  the  hoops  and  body  of  the  gun  are  hammered  puddled  steel.  The 
steel  body  is  composed  of  two  parts  united  under  shrinkage,  and 
further  secured  by  means  of  a  clasp.  In  the  operation  of  shrinking,  the 
forward  end  of  the  breech  portion  is  inserted  into  the  rear  end  of  the 
chase  portion,  the  latter  being  heated  up  for  that  purpose.* 

The  French  ascribe  the  superiority  of  all-steel  cannon  to  those  of  cast- 
iron  hooped  and  tubed  with  steel  chiefly  to  their  greater  power  of  pene- 
tration ;  though  they  claim  their  ability  still  to  construct  a  cannon  on 
the  latter  system  (model  of  1870)  of  equal  power  to  the  steel  by  increas- 
ing the  caliber  slightly.  Thus,  a  cannon  of  the  model  of  1870  should 
have  a  caliber  of  25  centimeters  to  equal  a  steel  gun  of  24  centimeters. 
The  cost  of  the  former  would  be  about  23,000  francs,  as  against  100,000 
francs  for  the  latter ;  but  the  increase  in  weight,  of  gun  and  ammuni- 
tion, would  exceed  that  of  the  steel  gnu  by  about  six  tons,  which  is  a 
matter  of  some  importance  on  shipboard. 

The  Schultz  wire  gun  has  also  been  tested  in  France  up  to  a  caliber  of 
67/.25,  and  so  satisfactory  were  the  results  that  an  80  ton  gun  is  now 
being  fabricated  upon  that  system.  The  wires,  under  the  requisite  de- 
gree of  tension,  are  wrapped  round  a  central  steel  tube,  but  are  neither 
brazed  nor  welded.  A  steel  casing  is  Anally  shrunk  on  over  the  wire- 
wound  portion.  This  mode  of  construction  is  thought  to  give  a  very 
strong  gun,  as  regards  tangential  strains,  while  the  cost  is  comparatively 
low,  owing  to  the  inexpensiveness  of  the  plant. 

The  Kussian  Government  includes  among  its  heavy  guns  the  14-inch 
Krupp's  breech-loading  rifle.  A  few  years  ago  a  14  inch  cast-iron  rifle, 
hooped  with  steel,  andhaving  the  French  breech  screw,  was  under  con- 
struction at  Perm  ;  but  no  accounts  have  been  received  of  its  trial. 

The  Krupp  works  have  already  determined  on  the  model  of  a  125-ton 
gun  ;  and  since  the  successful  trial  of  the  72-ton  gun  at  Meppen  last 
year,  their  ability  to  fabricate  such  a  gun  seems  to  be  placed  beyond 
question.  Large  numbers  of  heavy  rifled  guns  of  calibers  below  12 
inch  have  been  furnished  by  these  works  to  many  of  the  European 
powers,  as  well  as  to  Turkey,  Egypt,  Japan,  and  some  of  the  South 
American  States ;  and  the  same  is  true,  though  to  a  more  limited  ex- 
tent, of  the  Armstrong  works.  The  11-inch  rifles  famished  by  the 
latter  to  the  Chinese  Government  are  for  the  gun-boat  service ;  that 
government  has  also  some  38-ton  Armstrong  guns  in  the  same  service. 

The  Brazilian  Government  has,  in  its  naval  service,  some  35-ton  guns, 
manufactured  by  Whitworth,  of  fluid-compressed  steel,  and  rifled  upon 
the  hexagonal  principle. 

The  proposed  American  12-inch  breech-loading  rifle — given  in  the 
table — while  it  embraces  the  main  features  of  the  model  now  definitely 

*  "  Manuel  D'Artillerie,"  par  H.  Lee  Barzic,  Lieut,  de  Vaisseau. 


adopted,  varies  from  it  somewhat  in  details.  It  is  shorter,  for  instance, 
by  a  full  caliber,  in  length  of  bore,  and  heavier  by  some  four  or  five 
tons.  The  adopted  model  will  probably  admit  of  a  charge  of  300  pounds 
of  powder  and  have  a  total  weight  of  about  50  tons.  It  should  give  an 
energy  of  23,991  foot-tons  at  the  muzzle,  which  would  be  sufficient  to 
penetrate  44  inches  of  iron,  or  35  inches  at  a  distance  of  1,000  yards. 

The  table  includes  certain  guns  of  minor  caliber— 5".87,  6",  8",  and 
9". 45,  respectively — but  of  relatively  great  power,  owing  to  the  large 
charges  employed. 

It  will  be  observed  that  these  guns  have  a  large  chamber  for  the 
reception  of  the  charge,  and  a  commensurate  length  of  bore  for  its  con- 
sumption. The  number  of  cubic  inches  allowed  per  pound  of  powder 
indicates  also  that  there  is  considerable  windage,  or  air- space,  about  the 
cartridge  in  the  chamber.  As  it  is  chiefly  due  to  this  allowance  of  air- 
space that  the  employment  of  large  charges,  without  overstraining  the 
gun,  has  been  rendered  practicable,  it  may  be  interesting  to  examine 
briefly  the  underlying  physical  causes  on  which  the  effect  of  air-spac- 
ing depends. 

I.  The  tension  of  an  elastic  fluid,  supposing  the  temperature  to  remain 
constant,  varies  directly  as  the  density,  and  the  density  varies  inversely 
as  the  volume  or  space  occupied.  The  precise  laws*  according  to  which 
these  variations  take  place  in  the  bore  of  a  gun  may  not  be  absolutely 
determined;  but  it  is  enough  for  our  present  purpose  to  know  that  the 
greater  the  density  of  the  gunpowder  gas  the  higher  will  be  its  tension  ; 
and  the  more  contracted  the  space  in  which  a  given  charge  is  burned, 
or  the  larger  the  charge  burned  in  a  given  space,  the  greater  will  be  the 
density  of  the  resulting  gas.  Hence,  powder  burned  in  its  own  volume 
should  yield  its  maximum  effect ;  and  that  this  is  the  case  is  fully  sus- 
tained by  experiment. 

In  the  above  statement  lies  the  fundamental  principle  involved  in 
air- spacing. 

II.  The  velocity  of  inflammation,  or  the  rate  at  which  the  ignition  is 
spread  from  one  grain  of  a  charge  of  i^owclerto  another,  depends — other 
things  being  equal,  as  size,  shape,  and  density  ot  grain,  diameter  of 
cartridge,  &c. — on  the  greater  or  less  confinement  under  which  the 
charge  is  fired ;  that  is,  it  depends  on  the  degree  of  tension  of  the  gas 
in  the  first  instants  of  explosion.  As  the  tension  is  higher,  so  wiii  the 
inflamed  gas  be  propelled  the  more  forcibly  through  the  interstices  of 
the  charge,  and  consequently  the  more  rapid  the  spread  of  the  ignition. 
That  this  is  so  will  appear  from  the  following  results  of  actual  experi- 
ment, f 

Trains  of  service  powder,  containing  about  0.11  pound  of  powder  to 
the  linear  foot,  were  fired  under  different  conditions  as  to  confinement. 

*  Velocity  of 
inflammation . 

On  a  plane  surface  in  the  open  air « .  „ „_     7.87  feet. 

In  an  uncovered  trough , - 8.13     " 

In  a  linen  tube 11.38     " 

In  the  same,  tube  placed  in  a  trough  17.48     " 

In  the  trough  covered  up 27.88     " 

These  velocities  are  considered  less  than  those  obtained  in  fire-arms 
for  the  reason  that,  in  the  latter,  the  powder  is  not  only  confined  at  the 
sides  but  at  one  end,  which  was  not  the  case  in  the  covered  trough, 

*  Analysis  and  experiment  alike  prove  that  the  pressure  increases  more  rapidly  than 
the  density, 
t Benton's  Ordnance  and  Gunnery,  pages  51-52 


where  the  gas  could  expand  in  both  directions.*  A  velocity  of  more 
than  300  feet  can  be  obtained  by  burning  quick  match  inclosed  in  a  cloth 
tube. 

Experiments  have  also  proved  that  the  velocity  increases  with  the 
sizes  of  cross-section  of  the  train  ;  that  it  is  greater  with  fine-grained 
powder  than  for  coarse,  except  where  the  interstices  are  too  much  re- 
duced, as  in  the  case,  for  instance,  of  mealed  powder. 

III.  The  velocity  of  combustion,  or  the  rate  of  burning  of  each  grain 
from  its  surface  to  its  center,  other  things  being  equal,  depends  on  the 
pressure  or  tension  of  the  surrounding  gas.  On  this  point  Messrs.  No- 
ble and  Abel,  in  their  report  on  experiments  with  fired  gunpowder 
(pages  121-122),  state  as  follows : 

^Tiobert's  views,  moreover,  that  the  pressure  exerts  but  a  trifling 
influence  upon  the  rate  of  combustion,  appears  to  us  entirely  untenable. 
With  a  particular  sample  of  service  pebble-powder,  we  found  the  time 
required  for  burning  a  single  pebble  in  the  open  air  to  be  about  two 
seconds.  The  same  sample  was  entirely  consumed  in  the  bore  of  a  10" 
gun,  and  must,  therefore,  have  been  burned  in  less  than  .009  of  a 
second." 

The  fact  has  also  been  clearly  established  by  recent  experiments  made 
in  France,  in  which  mealed  powder  was  driven  into  a  steel  tube  closed 
at  one  end,  and  then  burned  under  a  smaller  and  smaller  orifice  for  the 
escape  of  the  gas.  Care  was  taken  in  filling  the  tube  to  have  the  col- 
umn of  powder  of  a  constant  length  and  density.  These  experiments 
proved  that  an  augmentation  of  pressure  was  always  accompanied  by 
an  increase  in  the  velocity  of  combustion,  and  that  this  result  was  ap- 
parent for  the  most  feeble  increments  of  pressure,  t 

When  we  consider  that  a  grain  of  powder  is  a  substance  more  or  less 
heterogeneous  and  porous,  it  should  seem  to  folloAV,  as  a  necessary 
result,  that  under  great  pressure  the  highly  inflamed  gases  would  be 
forced  into  the  softer  parts  and  interstices  of  the  grain  itself,  and  the 
velocity  of  combustion  thereby  enormously  increased.  That  the  com- 
bustion of  the  grains  does  not  proceed  in  parallel  layers  from  the  sur- 
face to  the  center  is  sufficiently  evident  from  the  appearance  of  half- 
burned  grains  which  have  been  picked  up  after  discharge. 

Now,  bearing  in  mind  the  above  considerations,  it  will  be  readily  seen 
that  in  the  burning  of  a  charge  of  powder  where  a  certain  air-space  or 
windage  about  the  cartridge  is  allowed,  we  obtain  to  a  greater  or  less 
degree,  depending  upon  the  amount  of  that  air-space,  the  conditions 
essential  to  a  slow,  deliberate  gasification  of  the  charge.  The  portion 
of  bore  allotted  to  the  charge  being  larger  than  where  no  windage  is 
allowed,  the  tension  of  the  gas  first  formed  will  be  lower,  and  inflamma- 
tion and  combustion  will  proceed  more  slowly.  As  a  consequence  oi 
this  slower  evolution  of  the  gas»the  inertia  of  the  projectile  will  be  more 
gradually  overcome  and  the  strain  upon  the  gun  will  be  less.  The 
maximum  tension  also  of  the  gas,  owing  to  the  larger  space  afforded  for 
its  expansion,  and  its  consequently  lower  maximum  density,  will  be 
less,  and  both  the  velocity  of  the  projectile  and  the  pressure  per  square 
inch  on  the  bore  of  the  gun  will  be  diminished.  The  operation  is 
analogous  indeed  to  that  which  obtains  by  the  employment  of  the  larger 
grained  and  denser  powders. 

*  Benton's  Ordnance  and  Gunnery,  pages  51-52. 

t  Sarrau  assumes  that  the  velocity  of  combustion  is  proportional  to  a  positive 
power  of  the  pressure;  but  since  it  increases  less  rapidly  than  the  pressure,  the  ex- 
ponent of  that  power  must  be  less  than  unity. 
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As  an  illustration  of  the  effect  of  air-spacing  in  thus  reducing  the 
velocity  and  pressure,  the  following  results,  extracted  from  the  pub- 
lished record  of  recent  experiments  with  a  38-ton  gun  at  Woolwich,  are 
presented : 


[No.  of  round. 

Air-space, 
feet. 

Charge  pebble 
powder,  lbs. 

Shell,  and 
weight,  lbs. 

Velocity,  feet. 

Pressure,  tons 
per    square 
inch. 

o 

110 
110 
110 
110 
110 
110 
110 

Palliser,  703 
Palliser,  703 
Palliser,  697J 
Palliser,  705 
Palliser,  705 
Palliser,  701 
Palliser,  698 

1,  408" 

1,311 

1,223 

1,  013 

8  iff 

754 

582 

21.8 

4 

6 

1 
2 
4 
6 
8 
10 

15.  2 
13.7 

8 

12.6 

10 

8.9 

12 

7.4 

13 

6.1 

Here  the  air-space  consisted  in  leaving,  successively,  an  interval  be- 
tween the  cartridge  and  the  projectile  of  0,  1,  2,  4,  &c.,  feet. 

Now,  the  practical  application  of  these  facts  lies  obviously  in  adding 
to  the  charge,  and  in  that  way  increasing  the  velocity,  until  the  latter 
reaches  to  the  highest  attainable  point  for  the  length  of  bore  or  powder- 
burning  capacity  of  the  gun;  since  we  can  at  the  same  time  keep  down 
the  pressure  within  safe  limits  by  the  due  allowance  of  air-space.  The 
length  of  the  cartridge,  however,  must  not  be  overlooked,  for  if  that  is 
too  great  relatively  to  the  diameter,  there  will  be  a  likelihood  of  the 
occurrence  of  those  extremely  dangerous  tensions  known  as  "wave 
pressures."  The  shorter  and  fuller  the  charge  also,  the  more  favorable 
is  its  state  for  total  consumption  in  the  gun.  With  most  of  the  existing 
cannon,  owing  to  their  very  limited  length  of  bore,  it  is  not  possible  to 
realize  more  than  partially  the  vast  increase  of  power  thus  attainable 
by  means  of  air-spacing.  Hence  the  necessity  for  new  constructions, 
involving  as  their  prominent  features  great  length  of  bore  and  a  suita- 
bly proportioned  powder-chamber.  For  an  assumed  length  of  bore,  the 
largest  charge  that  can  be  usefully  employed  is  determined  from  the 
number  of  the  " volumes  of  expansion" — as  English  artillerists  term 
them — the  bore  can  contain;  that  is,  the  number  of  times  that  the 
volume  of  the  bore  can  contain  the  volume  of  the  charge.  The  lowest 
limit  of  this  ratio,  or  the  point  below  which  no  increase  of  the  charge 
will  sensibly  augment  the  velocity,  is,  of  course,  first  ascertained  from 
actual  experiment.  So  likewise  for  a  given  charge  the  appropriate 
length  of  bore  must  be  determined  from  a  consideration  of  this  same 
ratio. 

To  complete  our  view  of  the  subject,  let  us  trace  briefly  the  probable 
mode  of  action  of  the  explosive  or  propelling  force  in  the  ordinary  and 
in  the  chambered  gun.  In  the  first  case,  the  various  phenomena  of 
explosion  of  the  charge  occur  in  a  relatively  short  period  of  time ;  the 
resulting  tension  of  the  gas  is  high,  and  the  projectile  is  subjected  to  an 
impulse  sudden  and  violent,  but  which  is  soon  exhausted  from  the 
relatively  small  weight  of  charge  employed  and  the  greatly  increased 
space  soon  left  by  the  movement  of  the  projectile  for  the  expansion  of 
the  gas.  Hence  we  obtain,  perhaps,  the  maximum  effect  per  pound  of 
powder,  but  also  a  relatively  high  strain  upon  the  gun.  In  the  second 
case,  we  obtain,  with  the  air-space  and  a  much  larger  charge,  at  first  a 
slower,  and  then  a  more  uniform  and  prolonged  pressure  upon  the  pro- 
jectile. Motion  is  acquired  more  gradually,  and,  owing  to  the  large 
volume  of  the  gas  and  the  great  length  of  the  bore,  the  projectile  is 
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subjected  to  a  longer- continued  action  of  the  propelling  force.  We  thus 
obtain  ultimately  a  much  higher  velocity,  but  from  the  comparatively 
low  tension  of  the  gas  no  greater  pressure  on  the  walls  of  the  piece  than 
in  the  case  of  the  unehambered  gun. 

Captain  Noble  and  Mr.  Abel,  in  the  report  already  alluded  to,  thus 
describe  the  operation  of  discharge  in  the  ordinary  case. 

"The  charge  of  powder  is  not  instantly  exploded,  but  is  generally 
ignited  at  a- single  point;  the  pressure  (commencing  at  zero)  goes  on  in- 
creasing at  an  extremely  rapid  rate  until  the  maximum  increment  is 
reached.  It  still  goes  on  increasing,  but  at  a  rate  becoming  gradually 
slower,  until  the  maximum  tension  is  reached,  when  the  increase  of 
density  of  the  gas,  aided  by  the  combustion  of  the  powder,  is  just  coun- 
ter-balanced by  the  decrease  of  density  due  to  the  motion  of  the  projec- 
tile. After  the  maximum  of  tension  is  reached,  the  pressure  decreases, 
at  first  rapidly,  subsequently  slower  and  slower."  # 

The  more  gradual  action,  then,  of  the  propelling  force,  which,  in  the 
ordinary  case,  occurs  only  at  an  advanced  stage  of  the  combustion  of 
the  charge,  and  after  the  projectile  has  begun  to  move  from  its  place, 
takes  place  from  the  outset  where  a  suitable  air-space  is  allowed. 

Captain  Ivodman  determined,  from  some  experiments  made  in  1859, 
in  which  he  employed  cast-iron  shells  of  different  interior  capacities, 
tilled  with  one-fourth  the  weight  of  powder  they  had  previously  been 
found  to  contain,  that  u  where  the  volume  of  powder  bears  a  constant 
ratio  to  the  space  in  which  it  is  burned  the  pressure  will  be  sensibly 
uniform."  f 

This  conclusion,  however,  which  is  only  a  reasonable  inference  from 
Mariotte's  law,  will  hardly  apply  without  some  qualification  to  the 
altered  conditions  of  discharge  in  the  bore  of  a  gun,  where  the  powder- 
gases  seldom  reach  their  extreme  tension,  owing  to  the  enlarged  space 
afforded  for  their  expansion  by  the  displacement  of  the  projectile.  And 
as  this  displacement  occurs  the  more  readily,  accordingly  as  the  weight 
of  the  projectile |  is  less  in  proportion  to  the  area  subjected  to  the  action 
of  the  propelling  force,  we  should  expect,  other  .things  being  equal,  a 
higher  tension  of  the  gases,  and  therefore  a  greater  pressure  on  the 
walls  of  the  bore,  as  the  caliber  of  the  piece  is  enlarged.  Hence  the 
employment  of  coarser  grained  and  denser  powders,  or,  which  is  to  the 
same  effect,  more  allowance  of  air-space  in  the  larger  calibers.§ 

The  control  which,  as  we  have  seen,  we  thus  obtain  over  the  burning 
of  gunpowder  by  means  of  air-spacing,  opens  a  new  field  for  investiga- 
tion and  progress  in  artillery.  Already  there  is  a  tendency  abroad  to 
desist  from  the  production  of  monster  guns,  and  to  employ  instead  guns 
of  snqaller  caliber,  but  chambered  for  very  large  charges.  Of  course 
the  latter  feature  necessitates  a  considerable  increase  in  the  length  of 

*If  these  variations  in  pressure  be  represented  by  a  curve,  it  would  commence 
at  the  origin  convex  to  the  axis  of  x,  would  then  become  concave,  then  again  convex, 
and'  would  finally  be  asymptotic  to  the  axis  of  x. 

lu-the  same  way  the  curve,  representing  the  velocity,  would  commence  by  be- 
ing convex  to  the  axis  of  abscissae ;  it  would  then  become  concave,  and,  were  the 
bore  long  enough,  would  be  finally  asymptotic  to  a  line  parallel  to  the  axis  of  x. — 
(Researches  on  Explosives:  Fired  Gunpowder.    By  Captain  Noble  and  Professor  Abel.) 

t  The  same  relation  is  expressed  by  the  formula  of  Count  Rumford,  also  deduced 
from  the  observed  pressures  in  a  close  vessel. 

tFor  similar  projectiles,  the  area  subjected  to  pressure  increases  as  the  square, 
while  the  weight— the  resistance  to  be  overcome — increases  as  the  cube  of  the  caliber. 

^So,  too,  for  an  in  crease  of  charge  with  the  same  caliber,  the  same  proportional 
displacement  of  the  projectile  not  occurring  at  so  early  an  epoch  there  results  an  in- 
crease of  tension. 


the  bore;  a  length  of  from  25  to  30  calibers  not  being  deemed  excessive 
where  the  weight  of  the  charge  equals  one-half  that  of  the  shot.  The 
great  length  thus  entailed  on  the  gun  may,  in  some  respects,  prove  a 
source  of  inconvenience.  Another  objection,  suggested  in  connection 
with  the  high  velocities  attained  and  the  comparatively  light  weight  of 
the  gun  itself,  is  the  severity  of  the  recoil.  This  objection,  however,  is 
not  insurmountable. 

It  has  long  been  known  that,  by  reducing  the  diameter  of  the  cart- 
ridge, the  strain  on  the  gun  might  be  diminished;  but  it  does  not  ap- 
pear that  this  knowledge  was  ever  utilized  for  increasing  the  charge, 
and  thus  for  adding  to  the  velocity.  As  early  as  1833  Captain  Piobert, 
of  the  French  artillery,  proposed  increasing  the  space  in  rear  of  the  ball 
by  diminishing  the  diameter  of  the  cartridge,  or  by  interposing  an 
elastic  wad  between  the  powder  and  ball,  in  order  to  prevent  the  very 
rapid  destruction  of  brass  siege-guns,  which  is  caused  by  the  use  of 
large  charges. 

Captain  Mordecai,  in  his  report  of  "Experiments  on  gunpowder," 
1842-'45,  states  in  his  conclusions:  "For  the  purpose  of  diminishing  the 
strain  on  the  gun,  1  propose  that  the  principle  of  increasing  the  length 
of  the  cartridge,  by  reducing  the  diameter,  should  be  adopted  for  heavy 
guns." 

In  referring  also  to  the  results  of  experiments  made  by  a  board  of 
French  officers  at  Metz,  in  1836-'37,  on  reducing  the  diameter  of  the 
cartridge,  he  states:  "Although  the  range  of  my  experiments  did  not 
allow  me  to  verify  these  results,  I  have  permitted  myself  to  make  the 
foregoing  remarks  on  the  French  experiments  in  order  to  call  the  at- 
tention of  the  Ordnance  Department  to  a  matter  which  may  be  of  the 
greatest  importance  to  us,  in  reference  to  giving  increased  durability 
to  our  iron  guns,  and  diminishing  the  risk  of  accidents  which  have  been 
lately  of  frequent  occurrence  from  the  bursting  of  these  guns." 

Captain  Rodman  also,  in  1857-58,  made  a  series  of  experiments  to 
determine  "the  effect  of  windage  in  the  cartridge  upon  the  pressure 
exerted  by  equal  charges."  His  results  confirmed  those  obtained  by 
earlier  experimenters. 

It  was  not,  however,  until  a  very  recent  day  that  experiments  is  this 
direction  took  such  shape  as  to  result,  finally,  in  the  true  application  of 
this  important  principle,  namely,  in  increasing  largely  the  powder-charge. 

During  the  experiments  with  the  80- ton  gun  in  England  in  1876-'77, 
when  every  effort  was  being  made  to  increase  the  power  without  com- 
promising the  safety  of  that  piece,  the  attention  of  the  English  authori- 
ties was  directed  to  certain  experiments  being  made  in  Germany  with 
an  increased  air-space  over  the  cartridge,  by  means  of  which  larger 
charges  were  employed,  with  the  attainment  of  higher  velocities,  and 
yet  with  moderate  pressures. 

Shortly  after,  the  Armstrong  6-inch,  and  8-inch,  and  the  Krupp  5-inch 
and  9.45-inch  chambered  guns  were  produced,  burning  the  enormous 
charges  of  one-half  the  weight  of  their  projectiles,  and  with  the  attain- 
ment of  the  astonishing  velocity  of  2,100  feet — astonishing  from  the  fact 
of  the  very  moderate  pressure  accompanying  it. 

In  connection  with  this  subject  of  air-spacing,  attention  is  called  to  a 
conclusion  drawn  from  experiment  by  both  Captains  Mordecai  and  Rod- 
man, which  does  not  harmonize,  wholly,  with  the  foregoing  deductions. 

Captain  Mordecai  states  that  it  appears  from  the  results  of  his  experi- 
ments, made  with  cartridges  of  different  diameters  and  lengths,  "That 
whilst  the  usual  diameter  of  the  cartridge  for  the  24-pounder  gun  as 
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now  established  (5".35)  is  favorable  to  the  development  of  the  force  of 
the  charge,  no  great  diminution  of  effect  arises  from  reducing  the  diam- 
eter to  5  inches;  on  the  other  hand,  the  force  of  the  charge  is  vastly 
reduced  by  increasing  the  diameter  of  the  cartridge  to  the  full  size  of  the 
boreP 

He  then  proceeds  to  account  for  the  latter  result  (pp.  288-289,  "Ex- 
periments on  Gunpowder").  Captain  Eodman  states  (p.  170,  "Experi- 
ments on  Metals  for  Cannon")  in  regard  to  the  results  obtained  in  his 
experiments  on  the  effect  of  windage  in  the  cartridge,  in  a  42-pounder 
S.  B.  gun,  "These  results,  both  pressures  and  recoils,  indicate  that  the 
pressure  increases  tcith  the  windage  up  to  about  one  inch  ivindage,  beyond 
which  the  pressures  and  recoils  both  gradually  diminish  as  the  windage 
in  the  cartridge  increases." 

This  apparent  anomaly  will  admit,  perhaps,  of  explanation  by  refer- 
ence to  those  principles  we  have  had  under  consideration.  To  quote 
Captain  Rodman's  own  words — used  in  another  connection — "from  the 
fact  that  there  was  no  vacant  space  around  the  cartridge,  all  the  pow- 
der that  was  burned  before  the  shot  moved  must  have  been  burned  in 
its  own  volume,  and  the  maximum  pressure  would  be  reached  before 
the  charge  would  be  nearly  consumed ; "  the  force  of  the  gas  would  thus 
be  sufficient  to  roll  forward  the  spherical  shot,  offering,  as  it  does,  but 
little  resistance  to  motion,  at  an  earlier  epoch  of  the  combustion  than  is 
usual,  and  the  equivalent  to  an  air-space  be  produced  of  greater  extent 
probably  than  results  with  the  employment  of  the  service  cartridge ; 
hence  a  falling  off  in  velocity  and  pressure. 

It  was  not  believed  that  such  results  would  obtain  in  the  case  of  a 
rifle-projectile,  which  offers  a  much  greater  resistance  to  motion;  the 
following  series  of  experiments,  therefore,  were  undertaken  at  the 
Proving  Ground,  Sandy  Hook,  K.  J.,  for  the  purpose  of  determining  this 
point. 

(1.)  The  gun  employed  was  an  8-inch  rifle,  vented  in  the  prolonga- 
tion of  the  axis  of  the  bore. 

The  record  of  firing  was  as  follows : 


^o.  of 
rouQcls. 

Charge. 

Weight 
of  shot. 

Mean. 

Kind     of 
powder. 

Weight. 

Windage  over  cartridge. 

Velocity. 

Pressnre. 

1 

Hexagonal,  E. 
V.  J.;  density 
1.75;  grain, 

72. 

Pounds. 
*35 

30 
30 

30 

Pounds. 
180 

180 

180 

180 

Service  windage  about  -^  of  the 
diameter  of  the  bore. 

Feet. 
1,  382 

1,  258 
1,263 

1,344 

Pounds. 
30,  500 

2 

20,0d0 

2 

Service    windage    reduced    50 
per  cent. 

23,  000 

2 

25,  500 

''Service  battering  charge. 


Gain,  due  to  entire  suppression  of  windage,  in  j  Assure,  ?500  pounds. 
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I.— TABLE  SHOWING  THE  WEIGHTS,  DIMENSIONS,  CHARGES,  ETC.,  OF  THE  MOST  POWERFUL  SERVICE  AND  EXPERIMENTAL  GUNS  EXISTING  OR  PROPOSED  AT  THE  COMMENCEMENT  OF  1880. 
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II.— TABLE  OF  1'liINCIPAL  DIMENSIONS  OF  EUKOPEAN  6-INCH  RIFLED  HOWITZERS  AND  MORTARS. 
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IV.— TABLE  OF  PRINCIPAL  DIMENSIONS  OF  EUROPEAN  8-INCH  RIFLED  HOWITZERS  AND  MORTARS. 
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(2.)  Gun  employed,  3-inch  breech-loading  rifle,  vented  on  top. 
The  record  of  firing  was  as  follows : 


No.  of 

Kind  of  pow- 
der. 

Weight  of  charge. 

Weight 
of  shot. 

Windage  over 
cartridge. 

Mean. 

rounds. 

Pounds. 

Ounces. 

Velocity. 

Pressure. 

2 

J.  K.;   grain, 
2,200 ;    den- 
sity 1,725. 

2 

2 

Pounds. 

12J 

12J 

5^  of  the  diameter 

of  the  bore. 
None 

Feet. 
1,269 

1,318 

Pounds. 
20,250 

24,  750 

2 

Gain,  due  to  entire  suppression  of  windage,in  {  g£*»  ^Opounds. 

These  results,  taken  in  connection  with  the  others  that  have  been 
given,  would  seem  to  establish,  conclusively,  the  fact  of  the  uniformity 
of  operation  of  the  laws  involved  in  air-spacing ;  while  at  the  same  time 
they  serve  to  explain  the  apparent  exception. 
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HEAVY    RIFLED     GUNS. 
ENGLAND, 


PLATE  I. 


8       INCH.  (Armstrong) 
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PLATE  II. 


HEAVY    RIFLED    GUNS. 

KRUPP*$    WORKS, 


9-V5     INCH. 

(  13    Tons) 
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3-97        INCH. 

(SI   Tons) 
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HEAVY    RIFLED   GUNS. 

ITALY, 


PLATE  III. 


12-6    INCH. 

(38  Tons) 
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HEAVY    RIFLED   QUHS, 


TRENCH     12-6    INCH. 

(3U-  Tons) 


PLATE  IV. 


muggm  -    ..■...-.       s  ^Afr&zza^ 


RUSSIAN     12     INCH. 

(39  Tons) 


AMERICAN      1225     INCH 

(h-S   Tons.) 
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PLATE  V. 


HEAVY   RIFLED    GUNJS. 


KRUPP     12    INCH. 

(Probable      Construction) 
(36    Toni) 


ENGLISH     12    INCH. 

(Proposed  Model) 

(«.?  Tons) 


AMERICAN     12    INCH. 

(Proposed  Model.) 

(SS  Tons.) 
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PLATE  VI. 


PROJECTILES 


HEAVY    RIFLED    GUNS, 


(CORED     SHOT) 


Old    Model 


New   Model. 


FRENCH. 


ENGLISH. 


Old    Model. 


New    Models. 


AMERICAN, 
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PLATE  VII. 


RIFLED    HOWITZERS    AND     MORTARS. 
£EftW!!ANY. 


8     INCH. 


ME 


50 fc-0 SO  I 
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PLATE  VIII. 


RIFLED    HOWITZERS    AMD    MORTARS. 
KRUPPS    WOHHS. 


59     INCH 


826     INCH. 


II    INCH 
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PLATE  IX. 


RIFLED     HOWITZERS    AND     MORTARS. 

KBiypp'S    WORKS- 


8-Z6    INCH. 
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PLATE  X. 
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PLATE  XL 


RIFLED     HOWITZERS    AND     MORTARS. 

RUSSIA, 
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PLATE  XII. 


RIFLED     HOWITZERS    AND     MORTARS. 


5-9     INCH.    KRU  PP. 


6     INCH.    RUSSIAN. 
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PLATE  XIII. 


RIFLED    HOWITZERS    AND     MORTARS. 


AUSTRIAN    8     INCH. 


LULU— ^ 


FRENCH     8-6     INCH 
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PLATE  XIV. 


IFLED    HOWITZERS    AND    MORTAR$. 
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